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ABSTRACT

A field experiment was conducted during rainy (kharif) seasons of 2006 and 2007 to study the productivity, biological
feasibility, economic viability and nutrient dynamicsin Bt cotton (GossypiumhirsutumL.) - groundnut (Arachis hypogaea
L.) intercropping system under various fertility levels. Groundnut as an intercrop enhanced the productivity of cotton
by 0.25 tonne/ha. Cotton receiving no N showed superior performance of intercropped groundnut in terms of pods/plant
(36.0), kernels/ pod (1.56) and pod yield (0.56 tonne/ha). The mean N, P, K uptake in intercropped cotton were 79.4,
6.6, and 46.0 kg/ha higher than sole cotton (149.9, 16.3 and 80.0 kg/ ha), respectively. Among N management practices,
substitution of 25% RDN through farmyard manure in cotton gave the highest system productivity (3.5 tonnes seed
cotton equivalent yield/ha), net returns (50 780) and production efficiency (19.4 kg/ha/day). The highest B: C ratio
(2.58) was observed with 100% RDN, followed by 75% RDN + 25% through FYM (2.29). Control treatment gave the
highest LER (1.72), RNR (1.37) and ATER (1.47), followed by 50% RDN + 50% through FY M. However, soil NPK
balance were in favour of 50% RDN substitution through farmyard manure.
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Cotton (Gossypium hirsutum L.) cultivation in India
covers an area of approximately 9.4 million ha representing
about one quarter of the global area of 33 million ha under
cotton (FAO 2007). Cotton is planted by four million small
farmers and involves many more in processing, textile
manufacture and trade. However, the average yield of cotton
lint, 462 kg/ha, is far below the world average of 736 kg/ha
and the production is only about 18% (4.3 million tonnes) of
the world production of 24.3 million tonnes. Main losses in
cotton production are due to its susceptibility to about 162
species of insect pests and a number of diseases. Among the
insects, cotton bollworms are the most serious pests of cotton
in India causing annual losses of at least US$300 million.
Insecticides valued at US$660 million are used annually on
all cropsin India, of which morethan half are used on cotton
(Manjunath 2004). Further, the most destructive pest,
Helicoverpa armigera isknown to have devel oped resistance
against most of the recommended insecticides, forcing
farmers to apply as many as 10-16 sprays. The transgenic
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cotton era has dawned in our country with the approval
accorded by GEAC (Genetic Engineering Approval
Committee), Government of India for the commercial
cultivation of Bt cotton hybrids in the southern and central
zones from 2002 crop season onwards. Cry 1 Ac gene of
Bacillus thruriengensis (a soil-borne bacterium) which has
the capacity to produce proteins (end toxins) toxic to
lepidopteron pestsin general, has been introduced in cotton,
conferring inbuilt resistance (Venugopalan et al. 2009). These
Bt cottons not only give higher yields, but also higher net
income over traditional cottons due to reduced plant
protection costs. In 2008, transgenic cottons have been
estimated to be cultivated in 7.6 million ha in India as per
theannual review report of the USbased International Service
for the Acquisition of Agri-Biotech Application (ISAAA
2008). Among all the approaches of increasing the
agricultural productivity, intercropping is one of the highly
promising possibilities. Cotton issown at wider row spacing,
hence provides space for cultivation of short-duration
intercrop like groundnut. This practice stabilizes the
productivity, besides enhancing the total returns (Singh et
al. 2009). Among the agronomic packages of any crop,
nitrogen management is the most important factor deciding
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the crop performance and maintaining soil fertility is < | e oo N o~ I
important in sustaining cotton productivity and profitability. ﬁ El a8 Q Rt § % &
Although the use of chemical fertilizersisthe fastest way of c T © ©
counteracting the pace of nitrogen depletion. From technical, £ ~ °
economical, logistical and environmental consideration, the 3 8 8% 5§ BYY ¥ g
best course is to practice integrated nitrogen management > —e o ©eee © o
(INM). Looking to the prospects of large area coming under -
Bt cotton cultivation and shrinkage of land holdings of cotton S Cs5g 22 8 823 2 o
. . O g D~ NI o owngd v Z
farmers in the next few years, the present experiment was @ - x = NN H QAN N
undertaken with the objectivesto assess the yield advantage §, -
by including groundnut with Bt cotton, soil fertility changes & T3 g2 ¥ geg o 3
and the biological and economical feasibility of the crop to g 52 i e Qe s R =
developing appropriate production packages for northern £ 5 X
Indian conditions. t; £ 3t LY o ON® 1
£ % £ s 58 < 8&8I 8 ©
MATERIALS AND METHODS B 5 c
Field experimentswere conducted in sandy |oam soil with g > B % 8>§ g g < 8 ocno « §
pH 7.8and 8.1 (1:2.5s0il towater) containing0.42and0.46% € a g g o g 38 g B38H KR o
organic carbon, 227 and 207 kg/haavailableN,12.8and 13.6 & = 58~
kg/ha available P, and 270 and 282 kg/ha availableK inthe 2 < o8 _ o o eeo o o
0-30 cm soil layer between 2006 and 2007, respectively in 'g 3 <5 g Ml 9 g o
research farm of IndianAgricultural Research Institute, New £ o § =
Delhi. Thetotal rainfall received during the cropping period E .
was629.5 mmin 2006-07 and 489.0 mmin 2007-08. The(9) § S £ = © 9 0 doo ~ &
- S . s« T | & ¥ & 2 08 & 35
treatments comprising combination of two cropping systems £%5 c
(sole cotton and cotton + groundnut) and four fertility levels 2 S g c
(control, 100% recommended doseof N (RDN), 75% RDN+ £ © 3 E £ © ® O o-dN ~ 9
25% N (through FYM) and 50% RDN + 50% N (through & % = 8 NN 2 doo A g
FYM) to cotton along with sole groundnut (with E@
recommended N and P) were laid out in arandomized block § a = g § O «4 » ©do o 8
designwiththreereplications. Incotton, 150kg N/ hawasused 3 @ o 'g = § & Z oSS < g
as RDN. Well decomposed farmyard manure (FYM) was 5 2 =
i i i i i = Bw =
uniformly incorporatedintothesoil sevendaysbeforesowing o S 2 N H oy MO N~ @
. - . T O £33 oi Z dsao o
as per treatments. FYM on dry weight basis contained 0.5- ' §<= g 3 38 ¥ o
0.2-0.5% N-P-K, respectively. The quantity of Pand K being g & -
variable owing differential quantities of FYM additionwas & c 5. w 2
2 |5 g3BEs ® 4 Y00 @ g
not balanced. As per treatment 50% N each throughureawas 2 = g 8529 S & z ¥89 S 2
applied at sowing and squareinitiation stage. A uniform dose é— Cl3g==qg
of 26 kg P/hathrough single super phosphate (SSP) was g )
appliedat sowing. Cotton‘RCH 134 Bt’ wassownby dibbling 2 52 E.( g o o Snm © 9
. ; T 25 9858 o uw 9 cgox w Y
with 120 cm x 60 cm geometry on 17 Junein2006 andon2 > a) g 282 Y Z I 8 8
Junein 2007. In solegroundnut ‘ Punjab Groundnut 1’ wasin g g_ ‘% 2
rows 30 cm apart using a seed rate of 100 kg/ha. In 8 =
intercropped cotton, three rows of groundnut were planted in 8 =4 = 5 © O o eon N~ o
between cotton rows. Groundnut was harvested in last week 2 = oY) § 8 2z 488 8 5
of October. Cotton was harvested in two pickings up to last ﬁ § g
week of November. For assessing thebiol ogical feasibility and
economic viability of the system, land use and production . E E
efficiencies were computed as suggested by Ahlawat et al. U i i &
(2005). § 2 292 2,98
352 293 ZL2289%
RESULTS AND DISCUSSION £ PE8+ELE REEDEC
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Intercropped cotton showed higher growth and yield E 5 BEO pOE 0
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attributes over sole crop of cotton (Table 1). Plant height,
dry matter production, monopodia/plant, opened bolls/plant
and boll weight of cotton were higher inintercropping system.
The cumulative effect of more and heavy bollsinintercropped
cotton led to the increased pooled seed cotton yield by 0.2
tonne/haover its sole stand. However, the differencesin seed
cottonyield (SCY) were not significantly marked. Groundnut
as an intercrop with short and compact stature did not offer
competition to cotton, and thusthe growth condition of cotton
in both sole and intercropping was identical. The positive
impact of inclusion of groundnut as an intercrop owing to its
ability of biological N fixation and reducing weed menace
in between cotton rows favoured development of yield
attributes in cotton, leading to higher SCY. These results are
in close agreement with the findings of Waterworth (1994).
Application of recommended dose of nitrogen (150 kg/ ha),
irrespective of its source significantly enhanced number and
weight of bolls over unfertilized crop. Further, cotton
receiving N, irrespective of share of organic and inorganic
sources produced similar number and weight of bolls. This
difference in yield attributes was reflected in SCY.
Application of 75% RDN + 25% FYM N gave the highest
pooled SCY (3.2 tonnes/ ha), that was higher with 100%
fertilizer N (3.1 tonnes/ ha). The SCY with 50% RDN + 50%
FYM N was significantly lower when compared with 100%
RDN and 75% RDN + 25% FYM N. Nitrogen fertilized
cotton gave 0.97 tonne/ha of higher stalk yield when
compared with unfertilized cotton. The stalk yields of N
fertilized cotton, irrespective of its sources were similar
except with 75% RDN + 25% FYM N which was
significantly higher. 75% RDN + 25% FYM N increased the
seed cotton (stalk) yield by 33.0% over 50% RDN + 50%
FYM N, and 83.0% over control. It showed that under N
limitation, seed cotton yield was more adversely affected
than stalk yield. Substitution of 25% N through FYM did
not adversely affect the cotton crop. On the contrary, the
prolonged supply of N and other nutrients due to slow
mineralization of FYM coupled with reduced losses of
fertilizer N as it binds with FYM might have reduced the
leaching losses. Thus supply of N matching with the crop
needs led to development of moreyield attributes. However,
substitution of 50% fertilizer N through FYM proved
counterproductive to some extent asthislevel of substitution
drastically altered the N supply to the crop. The rate of
mineralization of FYM failed to release the required N at
critical periods of formation of yield attributes. This is in
line with findings of Rathinakumari et al. (2004). The SCY
and total N uptake were significantly influenced by N
fertilization and also by extent of fertilizer N substitution
with FY M. Application of 75% RDN + 25% FYM N recorded
thehighest total N uptake 226.5 kg/ha (Table 3). The N uptake
in cotton with 100%RDN was at par with the above treatment.
The sametrend was observed with phosphorus and potassium
uptake.
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Groundnut

The performance of groundnut was drastically altered in
intercropping with cotton when compared with its sole stand.
Thisis evident from data on yield attributes and yield. Pods/
plant was adversely affected in intercropping. Intercropped
groundnut, on an average, produced 33.0% less pods/plant
of its sole crop (91.5). However, the extent of reduction in
kernels/pod and 1000 kernel weight in intercropping was of
lesser magnitude when compared to its sole stands. The
cumulative effect of reduction in pods/ plant, kernels/pod
and 1 000 kernel weight in intercropped groundnut led to its
lower productivity (43.6%) when compared to its sole
cropping (1.06 tonnes/ha). The poor performance of
groundnut in intercropping was mainly attributed to lower
plant population (45% base population in intercropping as
compared to sole groundnut). Further, the shading effect of
cotton (90 days after sowing onwards) and competition for
resources, particularly water and nutrients also contributed
tolower valuesof yield attributesand yield (Table 2). Among
the three rows of groundnut in intercropped cotton, the
contribution of centre row to the yield was the maximum.
These results are in accordance with the findings of
Waterworth (1994). Cotton receiving no N showed superior
performance of intercropped groundnut in terms of pods/
plant, kernels/ pod and pod yield as compared with 75% RDN
+ 25% FYM N. Groundnut performance in fertilized
treatments were at par. This could be attributed to the fact
that poor performance of cotton in control treatment caused
less shady conditions in intercropped groundnut leading to
increased number of pod/ plant and kernels/pod, and
conseguently greater pod yields when compared to fertilized
treatments. Similar results were also reported by Kambale
et al. (2002). The N uptake followed the similar trend to that
of pod yields (Table 3). Sole groundnut had significantly
higher mean N uptake (115.4 kg/ha) than intercropped
groundnut (46.7 kg/ha). The higher N uptake in sole
groundnut could be ascribed to the fact that it
received recommended dose of fertilizers (N, P), while
intercropped groundnut survived on nutrients applied to
base crop of cotton. Hence, intercropped groundnut
faced competition for nutrients from cotton when compared
to sole groundnut. N uptake was lower in intercropping
because of less pods and biomass yield of groundnut.
Cotton with no N and 50% RDN + 50% FYM N produced
higher yield because of less shading effect by cotton and
thus enabled groundnut to acquire more nutrients. Similar
results were also reported by Meena et al. (2011).The mean
N, P, K uptake inintercropped cotton was 79.4, 6.6, and 46.0
kg/ha higher than sole cotton (149.9, 16.3 and 80.0 kg/ ha)
respectively, while sole groundnut recorded the least N, P
and K uptake (115.4, 9.8 and 78.0 kg/ha, respectively) which
might be attributed to cumulative effect of the highest
biomass production and nutrients uptake under intercropping
system.
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Seed cotton equivalent yield 5§33 'g
Cotton + groundnut system recorded significantly higher 853 < NN a~< 1 &
cotton equivalent yield (19.5%) over sole cotton (Table 2). 82§ S en o982 9 o
Similar cotton yield in intercropping as that of sole cotton S 5
coupled with additional yield of groundnut pods (0.47 tonne/ s 2
h . . . . QT 10 © @ ©Mmo © )
a) resulted in superior performance of intercropping system. Es ok o <M ons 1
. . . o.=> ®8uUW — O A - @‘
Theresultsarein agreement with those of Singh et al. (2011). 23=< =
100% RDN increased seed cotton equivalent yield by 1.12 8 IS
tonnes/ ha (56.5%) over unfertilized control. Substitutionof & |, o ocwx —Ho®  © 3
. 8 O .2 ~ O ©ON O™
25% N through FYM has 6.2% (0.21 tonne/ha) higher seed & | o ® — Sl ol o &
cotton equivalent yield than 100% RDN. Further increase in '% 2
sut_)st_ituti(_)n of RDN through FY M proved Counte_rproduct_ive. 9 0= o oo I~ g
Thisisevident from the fact that seed cotton equivalentyield & | 8 EFS 8 9% oIX &8 g
were reduced by 0.43 tonne/ ha (17.7%) over 100% RDN. ‘& g 8re €28 I3 ©
This might be due to efficient utilization of resources and % . = §
less competition between component crops. % B2 %Cf 5| ©8o 2 cow o 5
o § o > 'g < NEHMm © oM %
>
Biological feasibility %’ g g £ )
Control treatment gave the highest LER, RNRand ATER, £ | " &
followed by 50% RDN + 50% through FYM (Table 2). The & -% £ 8 53 & 9 S
. .. - . (o)) =] H B >
higher values could be due to better and efficient utilization £ |2 © F' -4 4 oS 8 T
of growth resources, resulting from temporal and spatial £ | ¢ "8 §
complementarity. Higher LER in control was due to higher g g %Cg o E‘E o ~om©o o ® g—
productivity of groundnut owing to moreavailability of solar € | ¢ = B = 3 T893 L=
energy in poor canopy cotton crop, resulting in less 3 <8 = _ﬁ §
competition among plant for natural resources. Aggressivity 2 5 o “oma < %o é
valuesindicated that cotton had positive valuesfor al fertility S IS 715 p oSS g X %
levels while more negative for groundnut. This shows that g =) 3 9
groundnut was dominated by cotton under all fertility levels. S | & .% o = NI 2
Dominating nature of cotton wasduetoiitstall stature, higher & 85| C N ©Nw N % %
leaf area, resource exhaustiveness while it was the reverse  § £ 8
for groundnut. The product of RCC should be_ more thanone 5 g « g 88% K g §
for the system to be advantageous. At all fertility levels, the g 20| 26 P YS S ISRy
product of coefficient was less than one indicating that S g < bt gE@
intercropping system was not advantageous in terms of § e = . ~ god @ 2 883
intercrop faced adverse effects of base crop likeshading effect < © § x S 353 o 2 @'E
at reproductive stages of intercrop, resulted in stunted growth § BE S g _g
and less pod yield. While their association was beneficiad 5 | £ 8| . 3 Ik3 8 oE 3
because of spatial and temporal complementarity between € X & 'N‘Itﬁ $ 825
both crops and also having the different rooting pattern and = 222
. A, c > N tTHO W0 S3&
contrast nature to utilize natural resources efficiently. In .S £ < ® prded - B %é =
cotton, the highest competition ratiowasnoticed at 75% RDN T B l [ 538
+ 25% through FY M, followed by 100% RDN. Ingroundnut,  § ~ < oo 0 5 _ED..;
the highest competition ratio was noted in control treatment, LN) < < ® SRS §gg
followed by 50% RDN + 50% through FY M. Thesefindings o - 8 ‘gé
are in accordance with the findings of Waterworth (1994). 8 | _ & I SE¢
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Economic viability ~ 23 7 ga
Cotton + groundnut system on an average fetched - s @ s | Bg =
12 910 more net returns and thus has 0.54 more B: C ratio 5 .5 Ef'g > ¢ & Ts = {g-%
than sole cotton (Table 2). Sole groundnut proved 4 S3, 2% 5zszZ ] <..;'§
uneconomical of the three cropping systems because of less 5 235 55 ‘D’;g g X3 @5’ '% =
than one |ER (0.46). The higher seed cotton equivalent yield £ 32LEZL0=SE8REL00 | XF
: . . s SBBC® ToSR BE | < s
(0.5 tonne/ ha) coupled with the corresponding stover yield = 5 E - o
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Table 3 Effect of intercropping system on nutrient uptake and available soil N, P and K status (mean data of 2006 and 2007)
Treatment Nutrient uptake by Nutrient uptake by Nutrient uptake by cotton +  Available nutrient (kg/ha)

cotton (kg/ha) groundnut (kg/ha) groundnut (kg/ha) after harvest of crops
N P K N P K N P K N P K
Cropping system
Sole cotton 149.9 16.3 80.0 149.9 16.3 80.0 2495 154 265.7
Sole groundnut 1154 9.8 78.0 115.4 9.8 78.0 302.1 12.3 258.4
Cotton + 182.5 19.3 934 467 3.6 325 229.2 229 1259 340.7 12.6 255.9
groundnut (1:3)
CD (P=0.05) NS NS NS 6.43  0.62 7.56 39.59 6.54 12.69 3383 NS NS
Fertility level
Control 86.7 10.0 52.6 54.6 4.2 431 1415 14.6 96.2 183.8 12.2 256.8
100% RDN 200.9 20.4 98.7 437 34 27.8 2452 23.8 126.7 269.0 9.5 250.2
75% RDN +25% 226.5 240 1095  39.0 31 234 265.8 275 1326 307.2 12.8 258.6
through FYM
50% RDN + 50% 150.0 175 86.1 495 7.7 35.2 200.3 252 1215 343.2 14.4 262.8
through FYM
CD (P=0.05) 48.67 482 20.86 874 0.82 9.68 55.99 6.32 1357 46.76 2.38 5.32

coupled with minimal increases in cost of cultivation has
resulted in higher net returns and B:C ratio in cotton +
groundnut system. Application of 100% RDN through
fertilizers enhanced mean net returnsby ¥ 21475 over control.
Further application of N as 75% RDN + 25% through FY M
enhanced net returns by I 2335 over 100% RDN. Increasing
the FY M to 50% reduced net returns by ¥ 13559 over 100%
RDN. The increase in yield with substitution of 25% RDN
through FYM has more than offset the increased cost, thus
having a net gain of income. The reduced yield (0.43 tonne/
ha) coupled with greater cost of FYM (T 400/ tonne) in 50%
RDN + 50% through FY M hasresulted in reduced net returns
over 100% RDN. The highest B:C ratio was observed with
100% RDN followed by 75% RDN + 25% through FY M.
Higher net returnswith combined N source was dueto higher
seed cotton yield. The low B:C ratio with FYM application
was owing to greater cost of FYM addition. Intercropped
cotton recorded 16.3% higher production efficiency over sole
cotton. Further application of N as 75% RDN + 25% through
FYM enhanced production efficiency by 14.0% over 100%
RDN. Among fertility levels, control treatment accounted
maximum |ER (1.66), indicating superiority of thistreatment
over others. This was due to increased proportion of net
returnsin relation to cost of cultivation. Similar results were
also observed by Singh et al. (2011).

Post-harvest soil fertility status

Cotton + groundnut system maintained significantly
higher available soil N over sole cotton in comparison to
initial soil N status. By substitution of 50% RDN through
FYM had the highest available soil N, P and K being at par
over 25% RDN substitution through FYM. This treatment
recorded significantly higher soil available N, P and K over
100% RDN. Control plots had thelowest avail able soil NPK.

Cropping system did not significantly affect available P and
K content of soil after harvest of cotton and groundnut over
initial soil status. It was observed that there was significant
reduction in available P content of soil with 100% RDN as
compared to other treatments including control. Application
of 50% RDN + 50% through FYM could improve the
available P content in soil over control. This might be due to
multidimensional role of FY'M ranging from building-up of
organic matter, improving soil aggregation, soil permeability
and related physical properties to long lasting supply of
several macro and micronutrients, besides improving the
cation exchange capacity of soil (Beheraet al. 2007). Increase
in available NPK might be due to the direct addition of N
through FY'M to the available pool of the soil. It could also
be attributed to greater multiplication of soil microbeswhich
could convert organically bound N to inorganic form. The
increase in available P might be due to decomposition of
organic matter. But increase in available K might be ascribed
to direct addition of K to available pool of the soil, besides
the reduction in K-fixing and release of K due to the
interaction of organic matter with clay.

Thusit can be concluded that intercropping of cotton with
groundnut with substitution of 25% of N requirement through
FYM is biologically and economically sustainable cropping
system for agro-climatic conditions of northern India.
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